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ABSTRACT 
Inorganic sulfur in coal consists mostly of iron sulfides called “pyritic sulfur” that is covalently bound to the carbon 
atoms. Before being used as a fuel, coal needs to be given early treatment desulfurization in an effort to reduce 
emissions of SO2 that could pollute the air because of coal combustion. Some method has been applied to reduce 
sulfur content and most of the effective coal desulfurization are based on chemical method. One of them that being 
hotly debated is electrolysis. This research is purposed to find the optimum condition for reducing sulfur content on 
lignite coal by electrolysis method. In this research, H2SO4 is used as the electrolyte solution, while for anode and 
cathode is using graphite and stainless steel. The optimum condition is obtained at 0,3 M H2SO4 with speed of 100 
rpm stirring for 60 minutes operation time which decreases sulfur content of 75%. 
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I. INTRODUCTION 
Coal is one of  the main sources of world energy[1]. 
Economic growth and industrialization in developing 
countries are leading to increase energy demand 
rapidly. In other words, an increased demand in the 
use of coal, which is inexpensive and readily available, 
for power plant and heat process. When coal is burned, 
generally 90% or more of the sulfur present in it is 
emitted into the atmosphere as sulfur oxides (mainly 
SO2), if desulfurization methods are not applied 
before, during, and after combustion. It is well-known 
that SO2 emissions are considered one of the main 
causes of acid rain, which leads to the acidification of 
soils, forests, and surface water[2]. 
The growth in coal-fired capacity has therefore 
led to increasing concern about environmental issues, 
such as increased emissions of SO2, nitrogen oxides 
(NOx), trace elements, and particulates, although most 
effort has been directed towards the control of SO2  
 
emissions. Many effective method are applied to 
reduce sulfur content on coal, but most of them is 
chemical method. This paper serves how an 
electrolysis reduces sulfur content and to know the 
optimum condition of process by varying electrolyte 
concentration and operation time.  
II. EXPERIMENTAL METHODS 
A. Time and Place 
This research was held on October 6th, 13th and 20th 
2016 at Energy laboratory and Coal Analysis 
laboratory State Polytechnic of Sriwijaya, Palembang 
South Sumatera. 
B. Materials and Tools 
Materials 
1. Lignite Coal 
2. Sulphuric Acid 
3. Aquadest 
 
Tools 
1. Electrolysis kit 
2. Beaker glass 
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3. Magnetic stirrer 
4. Hot plate 
5. Graphite electrode 
6. Stainless steel electrode 
7. Sulfur determinator (S-144 DR) 
 
C. Preparation and Experiment Planning 
Before starting the experiment, coal has ever 
been prepared. Coal must be dried and reduce the size 
of 60 mesh. The unit design of coal electrolysis shown 
in Fig.1. 
   
 
 
 
 
 
 
Figure 1. The Desulfurization by Electrolysis 
Method 
Figure Information 
1. Power 
2. Adopter 
3. Beaker glass 1000 ml 
4. Graphite (anode) 
5. Magnetic Stirrer 
6. Hot Plate 
7. Stainless steel (cathode) 
8. H2SO4  
D. Experimental Procedures 
1. Prepare 250 gram lignite coal into size of 60 mesh 
for nine times experiment. 
2.  Measure the sulfur content on the sample before 
enter the desulfurization unit using sulfur 
determinator. 
2. Prepare sulphuric acid with variety concentration 
(0.1M, 0.2 M and 0.3 M) 250 ml into the beaker 
glass. 
3.   Put the electrode into the beaker glass. 
4.  Set the voltage and use the stopwatch to measure 
the time. 
5. Dilute the sample with the electrolyte solution. 
6. Switch on hot plate so the magnetic stirrer will be 
turning. 
7. Measure the reduced sulphur using after 30, 60 and 
90 minutes using sulfur determinator. 
 
E. Observation 
After collecting the data, the reduced sulfur will be 
known by determine sulfur content using sulfur 
determinator (S-144 DR) at Coal Analysis laboratory 
State Polytechnic of Sriwijaya, Palembang South 
Sumatera. 
III. RESULT AND DISCUSSION 
IV.  
Sulfur on Coal 
There are three types of sulfur that exist in coal, they 
are : 
1. Pyrite Sulfur 
 Pyrite Sulfur is the most commonly found in 
coal. Based on it’s crystal system, pyrite is divided 
into isometric and marcaiste shaped[3].  Pyrite 
(FeS2) is a mineral that contributes greatly to the 
sulfur content in, coal [4].  
2.  Organic Sulfur 
  Organic Sulfur is an element in the structure of 
macro molecules in the presence of coal is partially 
conditioned by the content of elements derived 
from the original plant material. In the geochemical 
conditions and specific microbiological, inorganic 
sulfur can be transformed into organic sulfur[5].  
3.   Sulphate Sulfur 
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  Sulphate sulfur content is usually lower no 
unless coal has obsolenced and some will be 
oxidized pyrite mineral sulfate [6]. 
 
What is Desulfurization by electrolysis method ? 
Coal desulfurization is a chemical process for the 
removal of sulfur from a coal. This experiment use 
electrolysis method that is evaluated by the electrolyte 
concentration and operation time to decrease sulfur 
content. 
Desulfurization of coal is needed to minimize 
environmental pollution caused by emissions of sulfur 
dioxide during combustion and improve the quality of 
coal. Conditions in the early seas were such that 
simple chemical reactions could have generate the 
range of amino acids that are the building blocks of 
life[7]. 
The coal desulfurization process is electrolysis 
method. In the process of electrolysis current flow into 
the glass to be supplied into the reactor through the 
cathode and anode that binds the ions solution of 
H2SO4 + FeS2 (pyrite sulfur in coal) so as to sever 
bond FeS2 in coal. Electrolyte solution that is used in 
this experiment 500 ml H2SO4 solution with varying 
concentrations of 0.1 M 0.2 M and 0.3 M with some 
process variables of times and stirring speed.  
 The complete reaction of the process will be 
explained below. 
1. Reaction on electrolyte solution : 
 
 
 
 
Figure 2. Reaction on Electrolyte Solution[8] 
2. Reaction on sulphur on coal 
 
 
 
Figure 3. Reaction on Sulphur on Coal[8] 
Coal Electrolysis Result  
On this research, lignite coal with size 60 mesh is used 
as a sample. This coal is assumed still have “pyritic 
sulfur”. The result data of this experiment shown in 
Figure 3 and Table 1. 
 
Coal Electrolysis Operation Condition 
Material = Lignite coal 60 mesh 
Electrolyte = H2SO4 
Volume = 1000 ml 
 
 
Figure 3. Coal Desulphurization by Electrolysis 
Method  
 
 
 
 
Figure 4. The Relation Between Weight Reduced, 
Concentration and Operation Time 
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Table 1. Coal Electrolysis Result 
 
Based on the data of this experiment,the optimum 
condition of this process is obtained at 0,3 M H2SO4 
with speed of 100 rpm stirring 60 minutes operation 
that decrease sulphur content of 75%.  
 From the data it’s also known that electrolysis  
reduce not only sulphur if the process run a long time 
operation. This others reduced content should be 
analyzed and may decrease the quality of coal. 
CONCLUSION 
The desulfurization of coal by electrolysis 
method is used to reduce a sulfur content in coal. The 
reduction of sulfur content in coal by electrolysis 
method occurs due to the reaction of reduction and 
oxidation (redox) on sulfur ions by standard reduction 
potentials possessed sulfur ions. The greater the 
concentration of a reagent solution, the greater the rate 
of reaction. This is caused by the higher percentage of 
catalyst that can reduce barriers to the electrolyte[9]. 
Mixing speed will affect the rate of diffusion of the 
particles solution that will increase the rate of diffusion 
of particles, and stirring of time for each variation of 
the concentration solution also has an effect on the 
binding FeS2 (pyrite sulfur in coal) by H2SO4.  
The optimum operation condition is obtained at 
0,3 M H2SO4 with speed of 100 rpm stirring 60 
minutes operation that decrease sulfur content of 75%. 
Desulfurization by electrolysis method is very 
promising method for the future of coal industry 
because of it’s simple reaction, low cost operation and 
easy to applied for industry like power plant and 
others. 
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No Concent-
ration 
H2SO4 
M  
time 
(min-
ute) 
Sulphur content 
Before 
Electrol-
ysis 
After 
Electrol-
ysis 
1 1  
30 
3,5554 1,1476 
2 2 3,5554 1,1273 
3 3 3,5554 1,0856 
4 1  
60 
3,5554 0,8921 
5 2 3,5554 0,8893 
6 3 3,5554 0,8885 
7 1  
90 
3,5554 0,8887 
8 2 3,5554 0,8886 
9 3 3,5554 0,8885 
